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V = 2760.1 (10) A J 
Z = 8 

Mo Ka radiation 

Data collection 

Bruker SMART CCD 

diffractometer 
24955 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )] = 0.061 

wR(F 2 ) = 0.187 

S = 1.00 

3167 reflections 

168 parameters 



IX = 0.27 mm 
T = 293 K 

0.25 x 0.22 x 0.21 mm 



3167 independent reflections 
1720 reflections with I > 2o'(7) 
R,„, = 0.079 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.27 e A~ 3 

A/> mi „ = -0.27 e A~ 3 



Received 23 August 201 1 ; accepted 30 August 201 1 

Key indicators: single-crystal X-ray study; T = 293 K; mean ct(C-C) = 0.004 A; 
R factor = 0.061 ; wR factor = 0.187; data-to-parameter ratio = 18.9. 

In the title molecule, Ci 3 H lg ClN 3 0, the piperazine ring has a 
chair conformation. In the crystal, molecules are linked into 
chains along [100] by N— H- ■ O hydrogen bonds. 

Related literature 

For applications of carboxamide compounds, see: Arrieta et al. 
(2007). For a related structure, see: Li (2011). 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D — H 


H-A 


D-A 


D-H-A 


N3— H3/4---01' 


0.82 (3) 


2.18 (3) 


2.986 (3) 


167 (2) 


Symmetry code: (i) x - 


hl,y,-z + i. 









Data collection: SMART (Bruker, 1997); cell refinement: SAINT 
(Bruker, 1997); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 




Experimental 

Crystal data 

C 13 H 18 C1N 3 0 
M r = 267.75 
Orthorhombic, Pbca 



a = 9.5546 (19) A 
b = 10.910 (2) A 
c = 26.477 (5) A 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LH5326). 
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Comment 

Carboxamide compounds are an important intermediate reagent in organic synthesis (Arrieta et ah, 2007). The molecular 
structure of the title compound is shown in Fig. 1. The piperazine ring (N1/N2/C3-C6) is in a chair conformation. Bond 
lengths and angles are comparable to those common to a similar structure (Li, 2011). 

Experimental 

A mixture of 1-ethylpiperazine (0. 1 mol), and (4-chlorophenyl)carbamic chloride (0. 1 mol) was stirred in refluxing ethanol 
(20 ml) for 4 h to afford the title compound (0.065 mol, yield 65%). Colourless blocks were obtained by recrystallization 
of a solution of the title compound in ethanol at room temperature. 

Refinement 

H atoms boned to C atoms were fixed geometrically and allowed to ride on their attached atoms, with C — H distances = 
0.93-0.97 A and with (7i S0 (H) = 1.2{/ e q(C) or 1.5{7 e q(C met hyi). The N — H hydrogen was refined independently with an 
isotropic displacement parameter. 



Figures 



Fig. 1. The molecular structure of the title compound showing 30% probability displacement 
ellipsoids. 



iV-(4-Chlorophenyl)-4-ethylpiperazine-1 -carboxamide 

Crystal data 

Ci 3 Hi 8 ClN 3 0 F(000)= 1136 

M r = 267.75 D x = 1 .289 Mg nT 3 

Orthorhombic, Pbca Mo Ka radiation, X = 0.71073 A 

Hall symbol: -P 2ac 2ab Cell parameters from 1720 reflections 

a = 9.5546 (19) A 9 = 3.2-27.2° 

b = 10.910 (2) A H = 0.27mm" 1 

c = 26.477 (5) A 7/=293K 

V= 2760.1 (10) A 3 Block, colorless 

Z=8 0.25 x 0.22 x 0.21 mm 
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Data collection 

Bruker SMART CCD 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

24955 measured reflections 

3167 independent reflections 

Refinement 
Refinement on F 2 
Least-squares matrix: full 

R[F 2 >2o(F 2 )] =0.061 

wR(F 2 ) = 0.187 

S= 1.00 

3167 reflections 

168 parameters 

0 restraints 

Primary atom site location: structure-invariant direct 
methods 



1720 reflections with I > 2o(I) 
R int = 0.079 

Qmax ~~ 27.5°, G m j n — 3.1° 

h = -n->n 

* = -14-»14 
/= -34^33 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w= l/[o 2 (^o 2 ) + (0.1045P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 
Ap max = 0.27eA~ 3 
Ap m i„ = -0.27 e A~ 3 

Extinction correction: SHELXL97 (Sheldrick, 2008), 
Fc*=kFc[l+0.001xFcV/sin(26)]" 1/4 

Extinction coefficient: 0.021 (3) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement, ic-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II- *ITJ 
^iso ' ^eq 


Cll 


0.12528(9) 


0.54490 (8) 


0.41931 (3) 


0.0847 (4) 


Ol 


0.14283 (15) 


0.18919(18) 


0.21930 (6) 


0.0616(5) 


N3 


0.3536 (2) 


0.2579 (2) 


0.24861 (7) 


0.0514(6) 


C8 


0.2986 (2) 


0.3286 (2) 


0.28864 (8) 


0.0458 (6) 


N2 


0.34171 (19) 


0.1241 (2) 


0.18146 (8) 


0.0580 (6) 
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U.U46y (3) 




U/1 A 

rl4A 


U. 1 /U2 


A A1£"7 




ii 1 1 ) 

H4t> 


A 1AA/1 

U.3UV4 


A A1 1 /I 

— U.U334 




C5 


A /IO A 1 

U.4641 (2) 


A 1 Ann il\ 
U.146/ (3) 




U( A 


a sit.n 
U.jioU 


A A-7A1 

U.U /Ui 




1 1 ii ) 

hots 




a imi 
U.2U23 




C3 


U.266 / (3) 


A 1 A1 A f1\ 

U.1U3U (3) 




rlJrS 


U.21o / 


A A/1 A A 




1 1 1 / ■ 

H3C 


U.2164 


A 1 OAT 




C2 


A /I A/1 A 

U.4U4y (4) 


A 1 "7AC i A\ 

U.l lyz> (4) 




H2A 


a i /; /t a 


U.261U 




H2B 


0.3440 
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Atomic displacement parameters (A 2 ) 
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(14) 


-0.0045 (13) 


0.0019(11) 
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0.0083 (11) 


0.0075 (12) 
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-0.0132(13) 


0.0069 (12) 
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C4 0.0510 (14) 0.075 (2) 0.0658 (15) -0.0186 (13) 0.0059(12) -0.0164(13) 

C5 0.0380 (12) 0.084 (2) 0.0618 (15) 0.0002 (12) -0.0005 (11) -0.0181 (13) 

C3 0.0469 (14) 0.096 (2) 0.0691 (17) -0.0125 (15) -0.0036 (12) -0.0090 (16) 

C2 0.083 (2) 0.144 (4) 0.072 (2) -0.015 (2) -0.0036 (17) 0.023 (2) 

CI 0.097 (3) 0.194 (5) 0.077(2) -0.033 (3) 0.0140 (19) 0.021 (2) 



Geometric parameters (A, °) 








Cll— Cll 


1.741 (2) 


CIO— H10A 


0.9300 


Ol— C7 


1.233 (3) 


C9— H9A 


0.9300 


N3— C7 


1.374 (3) 


C6— C5 


1.504 (4) 


N3— C8 


1.413 (3) 


C6— H6A 


0.9700 


N3 — H3A 


0.82 (3) 


C6 — H6B 


0.9700 


C8— C9 


1.386 (3) 


C4— C3 


1.492 (4) 


C8— C13 


1.389 (3) 


C4 — H4A 


0.9700 


N2— C7 


1.350 (3) 


C4 — H4B 


0.9700 


N2— C5 


1.456 (3) 


C5— H5A 


0.9700 


N2— C4 


1.458 (3) 


C5— H5B 


0.9700 


C13— C12 


1.391 (3) 


C3— H3B 


0.9700 


C13 — H13A 


0.9300 


C3 — H3C 


0.9700 


Nl— C3 


1.450 (3) 


C2— CI 


1.482 (5) 


Nl— C6 


1.451 (3) 


C2— H2A 


0.9700 


Nl— C2 


1.480 (4) 


C2— H2B 


0.9700 


Cll— C12 


1.374 (4) 


CI— H1A 


0.9600 


Cll— CIO 


1.377 (3) 


CI— H1B 


0.9600 


C12— H12A 


0.9300 


CI— H1C 


0.9600 


CIO— C9 


1.379 (3) 






C7— N3— C8 


123.20 (19) 


Nl— C6— H6B 


109.3 


C7— N3— H3A 


117.5 (17) 


C5— C6— H6B 


109.3 


C8— N3— H3A 


114.8(16) 


H6A— C6— H6B 


108.0 


C9— C8— C13 


119.4(2) 


N2— C4— C3 


110.7 (2) 


C9— C8— N3 


121.6 (2) 


N2— C4— H4A 


109.5 


CI 3— C8— N3 


118.9(2) 


C3— C4— H4A 


109.5 


C7— N2— C5 


125.8 (2) 


N2— C4— H4B 


109.5 


C7— N2— C4 


120.42 (19) 


C3— C4— H4B 


109.5 


C5— N2— C4 


111.01 (18) 


H4A— C4— H4B 


108.1 


C8— C13— C12 


120.0 (2) 


N2— C5— C6 


110.24(19) 


C8— CI 3— H13A 


120.0 


N2— C5— H5A 


109.6 


C12— C13— H13A 


120.0 


C6— C5— H5A 


109.6 


C3— Nl— C6 


109.9 (2) 


N2— C5— H5B 


109.6 


C3— Nl— C2 


109.8 (2) 


C6— C5— H5B 


109.6 


C6— Nl— C2 


111.4 (2) 


H5A — C5 — H5B 


108.1 


C12— Cll— CIO 


120.9 (2) 


Nl— C3— C4 


111.3 (2) 


C12— Cll— Cll 


119.17(19) 


Nl— C3— H3B 


109.4 


CIO— Cll— Cll 


120.0 (2) 


C4— C3— H3B 


109.4 


Cll— C12— C13 


119.6(2) 


Nl— C3— H3C 


109.4 


Cll— C12— H12A 


120.2 


C4— C3— H3C 


109.4 


C13— C12— H12A 


120.2 


H3B— C3— H3C 


108.0 


Cll— CIO— C9 


119.7(2) 


Nl— C2— CI 


113.7 (3) 
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Cll— CIO— H10A 
C9— CIO— HI OA 
Ol— C7— N2 
Ol— C7— N3 
N2— C7— N3 
CIO— C9— C8 
CIO— C9— H9A 
C8— C9— H9A 
Nl— C6— C5 
Nl— C6— H6A 
C5— C6— H6A 

Hydrogen-bond geometry (A, °) 

D—H-A 

N3— H3A-01' 

Symmetry codes: (i) x+1/2, y, -z+1/2 



120.1 Nl— C2— H2A 108.8 

120.1 CI— C2— H2A 108.8 

122.2 (2) Nl— C2— H2B 108.8 

122.3 (2) CI— C2— H2B 108.8 
115.43(19) H2A— C2— H2B 107.7 

120.4 (2) C2— CI— H1A 109.5 
119.8 C2— CI— H1B 109.5 
119.8 H1A— CI— H1B 109.5 
111.5(2) C2— CI— H1C 109.5 
109.3 H1A— CI— H1C 109.5 
109.3 H1B— CI— H1C 109.5 



D — H H—A D-A D—H-A 

0.82 (3) 2.18 (3) 2.986 (3) 167 (2) 
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